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ABSTRACT

Textbook prices have been soaring at an unprecedented pace for the last four decades with no signs that this trend will end
anytime soon. Several studies have suggested that a solution to this problem comes in the form of open textbooks. As a result,
the growth of open textbooks is rapid and sustained. However, though the advent of open textbooks is encouraging, whether,
how, and to what extent students are using their open textbooks remains unclear. Learning analytics for open textbooks can
provide answers to these questions plus many others, and thereby offers the potential for improving planning, development,
monitoring, evaluation and revision of open textbooks.

Learning analytics applied to open textbooks has received little attention to date. This on the horizon paper presents and
describes developmental work of a method to collect data produced as a result of students’ online and offline interactions with
their open textbooks, the first part of a three-step process of learning analytics (the remaining two being data processing and
reporting functionalities). The paper concludes with a presentation of future work, in line with the nature of this paper, which is
work-in-progress towards developing learning analytics system for open textbooks.
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Introduction

The global context of higher education is undergoing monumental transformation impelled by a vast array of issues, with much
concern connected with rising cost - from tuition and fees to living expenses, data plans and textbook costs — which is often seen as a
major hindrance to acquiring higher education credentials (Driscoll, Comm, & Mathaisel, 2013; Yang & McCall, 2014). A major
factor of these financial issues, and one that stands out due to the press it receives globally, is the rapid increase in the price of
publisher textbooks, which are often a required component of higher education courses (Prasad & Usagawa, 2014) and thus
“represent a significant portion of the overall cost of higher education” (Hilton, Robinson, Wiley, & Ackerman, 2014, p. 67).

The price of publishers’ textbooks has risen a staggering 812% since 1978 (Perry, 2012). Impacts of this price increase have been
reported to be quite dramatic, with studies revealing that two-thirds to three-quarters of college students find affording textbooks
difficult (N. Allen, 2011; Senack, 2014). Several studies have also found that the degree of unaffordability is reaching the point that it
impairs learning (Acker, 2011; N. Allen, 2011; Graydon, Urbach-Buholz, & Kohen, 2011; Morris-Babb & Henderson, 2012; Senack,
2014). Despite these problems, at present there is no indication of any slowdown in price increases.

Open textbooks, a form of open educational resource, hold potential to mitigate the crisis in textbook affordability. While open
textbooks are similar to traditional publishers’ textbooks in terms of content, they are generally available free of charge both in a
variety of digital formats and at low cost for print copies (Hilton, Gaudet, Clark, Robinson, & Wiley, 2013). In fact, several recent
studies have shown that open textbooks can achieve significant cost savings with no negative effect on learning (G. Allen, Guzman-
Alvarez, Molinaro, & Larsen, 2015; Robinson, Fischer, Wiley, & Hilton, 2014; Senack, 2014; Wiley, Hilton, Ellington, & Hall, 2012).
For instance, specifically in monetary terms, survey evidence presented in Senack (2014) shows that open textbooks could save
college students an average of $100 per course. Findings such as these have led to a growing acceptance of open textbooks within
higher educational institutions as an affordable alternative to expensive publishers’ textbooks.

The rapid growth in the popularity of open textbooks worldwide is accompanied by equally rapid growth in production. Innovation
results in unfamiliarity, however, and surprisingly little data exists regarding how exactly students use these textbooks or even
whether they use them at all. Answers to these questions and others can be obtained by applying learning analytics to open textbooks.
Fortunately, open textbooks, by their very nature of being digital, offer opportunities to enable learning analytic techniques to track
students’ interactions with their open textbooks, thereby providing useful new insights for all involved in open textbooks to enable
improvement in their planning, development, monitoring, evaluation and revision.
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Little work has been done so far towards the development of a learning analytics system for open textbooks despite its obvious
usefulness. To this end, this paper presents developmental work of a method for recording and synchronizing data - the first part of
learning analytics 3-step process: data collection, data analysis and data reporting — produced as a result of students’ online and
offline interactions with their open textbooks. The developed method is designed to support open textbooks in the EPUB (short for
electronic publication) format, a format that has become the international standard for digital textbooks. The prototype was tested
successfully with a group of university students. While the work presented in this paper represents initial work towards an open
textbook analytic system (planned future steps include data processing and reporting functionalities), it is still quite useful in its
current form as the techniques described can be applied to capture data which can then be used for analysis purposes with a program
of choice, and represents a major step in recording and synchronising data generated from both online and offline interactions with
digital books. The following section outlines a brief review of literature on learning analytics.

An overview of learning analytics

The concept of learning analytics has been defined in several different ways; an oft-cited definition is “the measurement, collection,
analysis and reporting of data about learners and their contexts, for the purposes of understanding and optimizing learning and the
environments in which it occurs” (Siemens & Long, 2011, p. 34). Experts assert that learning analytics is primarily concerned with
learning (Clow, 2013; Ga$evi¢, Dawson, & Siemens, 2015) and is “poised to benefit students in previously impossible ways” (Willis,
2014). It has also been pointed out that learning analytics provides the opportunity to “ask new questions and to ask old questions in
new ways” (Haythornthwaite, Laat, & Dawson, 2013, p. 1374) to generate both information (What happened? What is happening
now? What will happen?) and insight (How and why did it happen? What’s the next best action? What’s the best/worst that can
happen?) (Davenport, Harris, & Morison, 2010).

Several uses of learning analytics have been identified and applied over the years, and the list continues to grow. Some of the recently
reported uses include early-warning systems to identify struggling students in need of additional support; assessing the quality of
online postings; visualising learner interactions; sending automated feedback messages; recommender systems for learning;
intelligent tutoring systems; and identifying effective course designs (Arnold & Pistilli, 2012; Brooks, Greer, & Gutwin, 2014;
Ferguson & Shum, 2011; Fritz, 2013; Gémez-Aguilar, Herndndez-Garcia, Garcia-Penalvo, & Theron, 2015; Jayaprakash, Moody,
Lauria, Regan, & Baron, 2014; Manouselis, Drachsler, Vuorikari, Hummel, & Koper, 2011; Scheffel et al., 2011; Tanes, Arnold, King,
& Remnet, 2011; Wise, Zhao, & Hausknecht, 2014). With such a variety of applications, implementation of learning analytics also
comes with “a number of legal, risk and ethical issues that should be taken into account” (Scheffel, Drachsler, Stoyanov, & Specht,
2014, p. 128), particularly the need to maintain privacy of student data. In regards to these concerns, Pardo and Siemens (2014) have
identified four principles: (1) transparency, (2) student control over data, (3) security, and (4) accountability and assessment, to
inform decisions about how to comply with privacy-related matters.

From a technical perspective, learning analytics comprises three essential stages: (1) data collection, (2) data analysis, and (3) data
reporting. A description of each stage synthesised from Brown (2011, p. 1) is presented below.

e  Data collection: The first step to unlocking the potential of learning analytics. This involves using programs, scripts, and
other methods to gather data from a single or multiple sources, and the data can be structured or unstructured. The specific
design of the collection activity is informed by the goals of the learning analytics project.

e Data analysis: Unstructured data is usually given some kind of structure prior to analysis. The data is subjected to an
appropriate combination of qualitative and quantitative analysis.

e Data reporting: The results of the analysis are reported using a combination of visualisations, tables, charts, and other kinds
of information display.

Development of a prototype of a data collection system

This section describes the methods and techniques that were applied in the development of a data recording prototype as an initial
step towards the development of a learning analytics system for open textbooks in electronic publication (EPUB) format; a free and
open e-book standard by the International Digital Publishing (for more on EPUB, see http://idpf.org/epub). An EPUB file format is
basically a zip file that contains a defined set on contents with the .epub extension that can be read using any EPUB reader
application.

EPUB reader retrofitting strategies

Considering that EPUB reader applications are essential for viewing files in EPUB format, our underlying idea was to create a
method for using an EPUB reader to facilitate the data collection process, particularly in terms of recording user interaction data, and
then sending that data to the central database for storage and processing. To this end, it was necessary that all users use the same
EPUB reader application to view the textbook; to ensure this, the EPUB file of the textbook was embedded into the EPUB reader
application and then distributed as a single package.
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EPUB.js reader selected for customisation

Rather than building from scratch, an existing open source EPUB reader for the web, EPUB.js
(https://github.com/futurepress/epub.js), was chosen to be customised particularly because its web-based nature enabled use of
appropriate web technologies for local data storage and transfer of these data to the central database.

Recording data

The EPUB,js in its original form already included capabilities to record user's click actions and their annotation notes within the local
storage of the user’s web browser running the EPUB.js reader application. To gather additional data, this functionality was extended
to record other user data, such as browser used, type of device used, and IP address. However, user-side data storage was practically
unusable for analysis purposes unless synced to a database for further processing, and the EPUB.js did not include such a function.
This necessitated the customisation described below.

Synchronising data

In order to sync data stored within a browser’s local storage to the central database server, a network-sensing feature was
incorporated within the EPUB.js. The purpose of this feature was to make regular checks for connectivity to the central database
server. The network detection was executed every 60 seconds. As soon as the connection was established, the data from the local
storage was sent to the central database server and the local storage was cleared. This element is key to enable the transfer of offline
interactional data to the central database server.

Tracking individual users

To uniquely track users, a simple authentication system was integrated in the EPUB.js reader. For this, when first using the modified
EPUB.js reader application, users were prompted to enter their name and user ID. This information was then stored locally in the
browser and all subsequent interactional data sent to the central database server were tagged under these individual user details.

Preparing books for online/offline access

The EPUB file of the open textbook and the customised EPUB.js reader were bundled together as a single package (hereinafter cited
as hybrid-EPUB reader app), to be delivered in both online and offline modes.

For online access, the hybrid-EPUB reader app was hosted on a web server which users accessed using an URL. This enabled all user
interaction to directly sync to the central database due to internet connectivity.

For offline consumption, the hybrid-EPUB reader app had to be saved on the user’s local machine and accessed locally. To allow
users to correctly save the hybrid-EPUB reader app onto their computers and access the correct file, an application installer was
created for Windows-based users. The installer would save the application files in the correct location and add a shortcut on the
computer. This allowed users to easily access the book. However, offline usage was restricted to Mozilla Firefox. This browser was
chosen because the hybrid-EPUB reader app uses Javascript to send locally stored data to the central database, and most web
browsers other than Firefox, considering it a security risk, block client side Javascript and cross-site scripting. Further investigation in
this area is required.

Central database for data storage

The data storage server was a combination of a simple PHP script and a MySQL database. The MySQL database was used to record
user interaction data. A PHP script waited for the data to be sent by the EPUB reader application. Data sent would immediately be
received by the PHP script, which would conduct simple data validation and store them into the database.

Conclusion and future work

The work described above is only the first step of developing a learning analytics system for open textbooks. The work presented
provides a foundation on which further research can take place. Our future work will involve extending this current work to include
two additional steps: data processing and reporting functionalities. For data processing, analysis of both individual and aggregate
data will be performed using SQL queries for various benchmarks such as total views per chapter, number of students versus chapters
viewed, total bookmarks per chapter, user annotations (list of all notes) made per chapter, weekly user interaction, and online versus
offline usage. To return processed information in a graphical and visual form, a dashboard format-reporting interface will be created
using PHP and Javascript charting library. These extensions will be reported in detail in future publications.
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